ABSTRACT: An immunochromatographic assay (Chagas Stat-Pak) was evaluated for the detection of Trypanosoma cruzi antibodies in 4 species of wildlife reservoirs. Antibodies to T. cruzi were detected in raccoons (Procyon lotor) (naturally and experimentally infected) and degus (Octodon degu) (experimentally-infected) using the Chagas StatPak. In naturally exposed wild raccoons, the Chagas Stat-Pak had a sensitivity and specificity of 66.7-80.0% and 96.3%, respectively. Compared with indirect immunofluorescent antibody assay results, seroconversion as determined by Chagas Stat-Pak was delayed for experimentally infected raccoons, but occurred sooner in experimentally infected degus. The Chagas Stat-Pak did not detect antibodies in naturally or experimentally infected Virginia opossums (Didelphis virginiana) or in experimentally infected short-tailed opossums (Monodelphis domestica). These data suggest that the Chagas Stat-Pak might be useful in field studies of raccoons and degus when samples would not be available for more-conventional serologic assays. Because this assay did not work on either species of marsupial, the applicability of the assay should be examined before it is used in other wild species.
Trypanosoma cruzi, the etiological agent of American trypanosomiasis, or Chagas' disease, is an important medical and veterinary pathogen. In some hosts, such as humans and dogs, T. cruzi may cause fatal myocarditis during the chronic phase of the disease. Although an estimated 10-12 million people are infected in Latin America, autochthonous human infections in the United States are rare, with a total of only 6 cases having been reported from California, Louisiana, Texas, and Tennessee since 1955 (Woody and Woody, 1955; Navin et al., 1985; Herwaldt et al., 2000; Dorn et al., 2007) . However, T. cruzi infection in domestic dogs has been reported from Texas, Louisiana, Oklahoma, Georgia, South Carolina, and Virginia (see Meurs et al., 1998; Kjos et al., 2008) .
In contrast, reports of T. cruzi in wildlife, e.g., raccoons and opossums, are relatively common (John and Hoppe, 1986; Yabsley et al., 2001; Brown, 2008) , although disease in these reservoirs is rare. Several techniques have been utilized to determine the prevalence of T. cruzi in wildlife species, i.e., direct examination of blood; culture of blood or tissues, or both; polymerase chain reaction (PCR) testing of blood or tissues, or both; and serology (McKeever et al., 1958; John and Hoppe, 1986; Yabsley et al., 2001; James et al., 2002) . The majority of previous studies have used hemoculture or the direct examination of blood to determine prevalence. These methods underestimate prevalence, because parasitemia decreases during the chronic stage of the infection. Serological testing is considered the most sensitive assay for determining prevalence, because antibodies to T. cruzi persist during the chronic phase (Yabsley et al., 2001; Yabsley and Noblet, 2002a) . For example, prevalence of T. cruzi in raccoons (Ͼ10 raccoons tested) from the southern United States, based on culture, ranged from 15-43% (Karsten et al., 1992; Pung et al., 1995; Pietrzak and Pung, 1998; Yabsley and Noblet, 2002a; Brown, 2008) , while the prevalence based on serologic testing (indirect immunofluorescent antibody test, IFA) was 33-70% (Yabsley et al., 2001; Hancock et al., 2005; Brown, 2008) .
Rapid immunochromatographic assays for T. cruzi have been developed and validated for use in humans and dogs Ponce et al., 2005; Cardinal et al., 2006) , but have not been corroborated for use in other mammalian hosts. In general, these assays utilize a dye bound to an antibody-binding protein, e.g., protein A or G, which together will bind to all antibodies present in serum, plasma, or a blood sample. If antibodies specific to the recombinant antigens are present in a sample, then this protein-dye-antibody complex will be visualized as a colored band or a spot.
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The Chagas Stat-Pak (Chembio Diagnostics Inc., Medford, New York) utilizes a combination of several recombinant antigens specific for T. cruzi (antigens described by Umezawa et al., 2003) . For humans and dogs, these assays have high sensitivity and specificity and, if validated for wildlife reservoirs, would provide a field-friendly assay that is rapid, simple, and stable at room temperature, and that can be run with small quantities of blood, plasma, or serum. The objective of the current study was to evaluate the use of the commercially available Archived serum samples used in this study were collected during previous studies and stored at Ϫ20 C until testing. Samples from wild hosts were collected from raccoons (n ϭ 57) and Virginia opossums (n ϭ 11) from Georgia and Florida (Brown, 2008) . Four wildlife reservoir species (raccoons, degus, Virginia opossums, and short-tailed opossums) were experimentally infected with T. cruzi to provide confirmed positive samples and to compare time to seroconversion by indirect immunofluorescent antibody (IFA) assay and Chagas Stat-Pak assays. For experimental infections, raccoons, degus, and short-tailed opossums were both captive bred and obtained from commercial sources; the Virginia opossums were from 2 litters of joeys raised in our animal facility by wild-caught nursing females (both females were IFA and culture negative for T. cruzi). All animals were housed indoors and shown to be IFA and culture negative for T. cruzi before experimental inoculation. Animals were inoculated with 1 ϫ 10 6 DH82 macrophage-derived trypomastigotes (Roellig et al., 2009 ) by intraperitoneal (degus, shorttailed opossums, Virginia opossums) or intravenous (raccoons) routes. Negative-control animals were similarly inoculated with equivalent volumes of media. Blood samples were aseptically collected into ethylenediaminetetraacetic acid (EDTA) tubes at various days post-inoculation; plasma was collected and frozen at Ϫ20 C until testing (Roellig et al., 2009; Roellig et al., unpubl.) . Numbers of animals sampled at each sampling date varied depending on the volume of plasma available for testing.
To confirm infections, culture attempts in LIT medium or DH82 canine macrophages were made on a subset of wild animals and on all experimental hosts, as described (Yabsley and Noblet, 2002b; Yabsley et al., 2004) . IFA testing of all samples was performed as described (Yabsley et al., 2001; Brown, 2008) using the following secondary antibodies, i.e., a goat anti-raccoon IgG (Kirkegaard and Perry Laboratories [KPL], Gaithersburg, Maryland) and a rabbit anti-rat IgG (KPL) for raccoons and degus, respectively. For both species of opossums, a rabbit anti-opossum IgG (Bethyl Laboratories, Montgomery, Texas) was used followed by a fluorescin-labeled anti-rabbit IgG (KPL). Slides were examined using an Olympus microscope (BH-2, Center Valley, Pennsylvania). The Chagas Stat-Pak assay was conducted per the manufacturer's instructions. Chi-square ( 2 ) analysis (P ϭ 0.05) was used to determine if differences existed between the serologic assay results.
The Chagas-Stat Pak detected antibodies to T. cruzi in both naturally and experimentally infected raccoons, as well as in experimentally infected degus (Tables I, II) . No significant differences were noted in the prevalence of T. cruzi antibodies in 57 wild raccoons between IFA and Chagas Stat-Pak assays (42.1% vs. 33.3%, respectively, 2 ϭ 0.934, P ϭ 0.3339). Discordant results were obtained for 9 of 57 (15.8%) samples (Table I) . Using data from naturally infected raccoons, we calculated the sensitivity of the Chagas Stat-Pak in 2 ways: First, based on a comparison with IFA-positive animals only, the sensitivity of the Chagas Stat-Pak was 66.7% (16 of 24 IFA positives) (Table I) ; and second, based on raccoons that were both IFA and culture positive, the sensitivity of the Chagas Stat-Pak was 80% (12 of 15 positives) ( Table I) raccoons that were both IFA and culture negative). For 4 experimentally infected raccoons, the sensitivity of the Chagas Stat-Pak was lower, compared with IFA testing, during the first 3 wk of infection (Table II) . In contrast, the Chagas Stat-Pak test was more sensitive for detecting early infections in some of the experimentally infected degus (Table II) . Although IFA and culture provided reliably positive results, the Chagas Stat-Pak failed to detect anti-T. cruzi antibodies in either of the experimentally infected marsupial species we tested. Similar results were found in the naturally infected Virginia opossums (n ϭ 7). All IFA and culture-negative opossums (4 Virginia opossums and 3 short-tailed opossums) were also negative by the Chagas Stat-Pak. A number of different species of mammals serve as wildlife reservoir hosts for T. cruzi, and the availability of a rapid test would improve the ability to study the epizootiology of this important pathogen. Previously, a commercially available rapid assay (Trypanosoma Detect MRA Rapid Test; InBios International Ltd., Seattle, Washington) successfully detected T. cruzi antibodies in 2 IFA-positive gray foxes (Urocyon cinereoargenteus) from South Carolina (Rosypal et al., 2007) .
In the present study, we found that the Chagas Stat-Pak successfully detected antibodies in 2 known reservoir hosts, raccoons and degus. The assay also detected T. cruzi antibodies in 2 experimentally infected laboratory rodents (Balb/c mice and Windsor rats) (data not shown), suggesting the assay might be useful for laboratory experiments using rodents. However, the assay failed to detect antibodies in 2 species of marsupials, which is likely because the staphylococcal and streptococcal proteins commonly used in rapid tests only variably bind with antibodies from different marsupial species (Kronvall et al., 1970; Kronvall, 1973; De Chateau et al., 1993) .
The sensitivity of the Chagas Stat-Pak assay for naturally and experimentally infected raccoons was lower compared with studies on humans (93.4-98.5%) Roddy et al., 2008) and dogs (94%) (Cardinal et al., 2006) . There are several possible explanations for this finding. In the current study, we noted species differences in the sensitivity of the Chagas Stat-Pak during early T. cruzi infections. Experimentally infected raccoons seroconverted, as detected by IFA, between days post-infection (DPI) 4-10; however, Chagas Stat-Pak seroconversion was not detected until DPI 28, while degus seroconverted with the Chagas Stat-Pak by DPI 7. Previous studies did not evaluate the sensitivity of the Chagas Stat-Pak during acute infections Cardinal et al., 2006) . Furthermore, previous studies of dogs and humans were conducted on banks of serum samples that were seropositive by multiple serologic assays. We only used 1 serologic assay (IFA) to determine the serostatus of the animals included in this study. Although the majority of samples are seropositive by multiple assays, discordant results between assays led to a small percentage of samples being classified as either ''borderline'' or equivocal (Yabsley et al., 2001; Cardinal et al., 2006) . If the samples used in our study had been tested with multiple serologic assays (ELISA, HA, etc.), some borderline IFA-positive samples might have tested negative, resulting in their exclusion and a consequent increase in assay sensitivity for that species. These data suggest that the Chagas Stat-Pak might be useful in field studies of some species when samples would not be available for more conventional serologic assays, or if testing is impractical. Because this assay did not work on either species of marsupial, it must be emphasized that any commercial serologic assay or rapid test must be validated for use in wild animal species before wide-spread use in epidemiological studies.
